We investigated, empirically, why Japanese banks held excess reserves in the late 1990s. Specifically, we pin down two factors explaining the demand for excess reserves: a low short-term interest rate, or call rate, and the fragile financial health of banks. The virtually zero call rate increased the demand for excess reserves substantially, and a high bad loans ratio largely contributed to the increase in excess reserve holdings. We found that the holdings of excess reserves would fall by half if the call rate were to be raised to its level prior to the adoption of the zero-interest-rate policy, and the bad loans ratio were to fall by 50%. JEL Classification Number: E42, E51, E52, and G21
Introduction
Japanese banks have chronically held excess reserves since the late '90s. Figure 1 illustrates the ratio of actual reserves to required reserves for commercial banks as a whole. The increasing trend in the excess reserve ratio has been conspicuous since the summer of 2001, and this ratio reached a high of 5.88 in October 2003. 1 The excess reserve ratio typically parallels the supply of reserves. In fact, the reserve supply began to increase when the Bank of Japan announced that it would provide ample funds to push down the uncollateralized overnight call rate, or short-term inter-bank money market rate, as low as possible, in February 1999. This action is known as the "zero-interest-rate policy." Furthermore, the reserve supply drastically increased after the Bank of Japan However, it should be noted that the reserve supply does not necessarily automatically create a demand for reserves. The aim of this study, therefore, was to shed light on the demand side of reserves and to conduct an empirical investigation into why commercial banks hold excess reserves. In actual fact, banks have their own motives for holding excess reserves. We identified two factors that may have affected banks' reserve demands since the late '90s. The first of these factors is the nearly zero level of the call rate: the uncollateralized overnight call rate was pushed down to its minimum level after the adoption of the zero-interest-rate policy. Reserves and call loans are close substitutes; as a result, banks have more incentive to hold reserves when the call rate is very low.
The second relevant factor is the instability of the financial system. Ever since the outbreak of financial institution debacles in the late '90s, depositors have been very cautious about choosing which banks to deposit their money in. This implies that, in general, once the balance sheet of a bank deteriorates, depositors will switch deposits from one bank to another, more healthy one. Therefore, banks with fragile balance sheets have an incentive to hold reserves, for precautionary reasons. 2 Incorporating these factors, we constructed a simple theoretical model of bank reserve demand. Using a panel dataset for banks, we estimated these banks' optimal demand functions for reserves, as derived from the theoretical model. The quantitative importance of the aforementioned two factors was evaluated by means of a simulation analysis, based on the parameter estimates in the banks' reserve demand functions. 3 Our main findings may be summarized as follows. Using a theoretical model, we were able to derive each bank's optimal demand for reserves, which is a decreasing function of the short-term interest rate and an increasing function of the bank's financial health,
represented by either its bad loan ratio or the rate of change in its share price. It turned out that both factors significantly impact banks' reserve demands, as suggested by the theoretical model. Quantitatively, the effect of the short-term interest rate on reserve demand was quite large. We found that raising the call rate to 0.05%, its level just before the adoption of the zero-interest-rate policy, decreased the demand for excess reserves in the banking sector as a whole by as much as 30-40%. The effect of a bank's financial health on its excess reserve demand was also significant. Excess reserves were reduced by 13-29% when the bad loan ratio was halved; this constitutes the goal to be attained by The paper is organized as follows. The next section provides descriptive statistics for the banks' reserve holdings, which are based on the panel dataset for the Japanese commercial banks used in our study. Section 3 constructs a simple theoretical model of reserve demand and derives the optimal demand equation for reserves, which are to be estimated. Section 4 presents the estimation results, and Section 5 conducts a simulation analysis, based on the estimation results from the previous section, in order to evaluate quantitatively the effects of the short-term interest rate and bank financial health on excess reserve demand. Section 6 concludes the study.
To What Extent Did Banks Hold Excess Reserves?
We first calculated the extent to which commercial banks held excess reserves using panel data for Japanese banks during the period FY 1991 to 2002. We compared the actual reserve holdings at the end of each fiscal year with the reserves required at that time. The required reserves were calculated as follows. The reserve requirement ratios for deposits depend upon the type and amount of deposits, as is shown in Table 1 The standard deviation of the excess reserve ratio also increased after the middle of the '90s, suggesting that there were diverse reserve holding patterns across banks. This fact may also be inferred from Figure 2 , which illustrates the frequency distribution of the excess reserve ratios in 1994, 1999 and 2001. The frequency distribution was more dispersed and less skewed to the right in later years.
A Model of Bank Demand for Reserves
Consider a bank i, which allocates a given amount of deposits ( ) i D to an interest-bearing asset, and with reserves at a central bank bearing no interest, under the stochastic withdrawal of deposits. 4 By allocating all of its deposits to the interest-bearing asset, and keeping its reserves to the minimum required level, the bank can maximize its income from interest but runs the risk of being unable to meet large, unanticipated withdrawals of deposits. Such a situation may be costly for the bank, as it gives rise to apprehension among depositors regarding the fragility of the bank's balance sheet, and depositors may thus be prompted to further withdraw their deposits. Therefore, the bank optimally allocates its resources between the interest-bearing asset and reserves, to maximize its expected interest income, while simultaneously taking into account the cost incurred in the case of reserve shortages.
Formally, the objective function of the bank is stated as follows:
where L r : interest rate on interest-bearing asset The first-order condition is given by
where [ ] Pr indicates probability λ : non-negative Lagrangean multiplier associated with the required reserve constraint
The LHS of eq. (2) 
Estimation of Bank Demand Equations for Reserves Derivation of Bank Demand Equations for Reserves
To derive a bank's optimal demand equation for reserves, we must specify the way in which banks anticipate deposit withdrawals. We assume that the random variable i X has a Pareto distribution. Specifically, the density function of i X is written as ( )
where
By specifying the density function of deposit withdrawals, we may calculate the probability that deposit withdrawals exceed reserves, as follows:
The substitution of eq. (4) into eq. (2) and the rearrangement of terms yields the following reserve equation:
It is quite likely that the bank's subjective distribution of i X depends on the bank's attributes. When the balance sheet of a bank deteriorates, the bank may anticipate a large amount of deposit withdrawals. In other words, the condition of a bank's balance sheet affects the distribution of its deposit withdrawals. We specify a bank's balance sheet condition using the bad loans ratio ( BADLOAN ). That is, we express i X , 0 as a function of deposits and the bad loans ratio. arranging terms, we obtain the following optimal demand equation for reserves:
For estimation purposes, we transform the demand equation for reserves into the deviation from required reserves. First, when 0 > λ , banks do not hold any excess reserves, so the deviation of optimal reserves from the required level is zero. In other words, the following equation is specified in logarithmic form:
Second, when the optimal demand for reserves exceeds the required level, the demand for excess reserves is expressed as
Since we can identify from the data which banks held excess reserves, we may estimate the system of reserve demand equations, (8) and (9), using a Tobit.
Description of the Data
We briefly explain the variables used in estimation. Table 3 The penalty rate is likewise treated in two different ways. First, the penalty rate is treated as constant across banks and years. In this case, the penalty rate is subsumed into the constant term. Second, the ratio of operating profits to total equity is employed. The idea behind this is that the banks, the reserves of which are short of deposit withdrawals, will eventually go insolvent and lose their entire operating profits. The interest rate is the uncollateralized overnight call rate.
Econometric Issues
We estimated eqs.(8) and (9) by pooled Tobit. The following procedure was used to classify banks, according to whether they have excess reserves. When a bank's actual reserves exceed the required reserves by at least 10%, then it is identified as holding excess reserves. This conservative classification with respect to banks holding excess reserves reflects the unavailability of the daily deposit data upon which the reserve requirement should be based. 9 During estimation, we added dummy variables to account for the different types of banks, i.e., dummy variables for city banks (DCITY), long-term credit banks (DCREDIT), and trusts (DTRUST). We also added the dummy variable (DPOLICY) to control for the monetary policy regime change that occurred in March 2001. Thereafter, the monetary base increased substantially in order to satisfy the target set for the current accounts balance at the BOJ.
Estimation Results Table 4 The call rate has a negative effect on the demand for reserves, as is predicted from the theoretical model in Section 3. 10 The two bad loans ratios also affect the demand for reserves positively, which implies that banks with higher bad loans ratios increased their reserves. Furthermore, increases in the rate of change in share prices decreased the demand for reserves, though this effect is insignificant. Table 5 tabulates the elasticities of reserve demands with respect to deposits, the call rate, and the bad loans ratio, for the four types of banks holding excess reserves. These elasticities are calculated on the basis of the results of the estimation with
as the bad loans ratio, and the ratio of operating profits to total equity as the penalty rate.
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12 The deposit elasticity is generally close to one, except for city banks, in which case it is much less than one (0.4491). The interest-rate elasticity ranges from -0.1816 to -0.4146, while the elasticity with respect to the bad loans ratio ranges from 0.2149 to 0.5010. The magnitude of this elasticity is smaller for city banks because, of these, a lower proportion of banks held excess reserves.
The Effects of the Short-term Interest Rate and Bank Financial Health on the Demand for Excess Reserves: A Quantitative Evaluation
In the previous section, we found that both the short-term interest rate and banks' financial health are significant explanatory variables of the demand for reserves. Based on the parameter estimates of the demand equation for reserves, and using simulation analysis, we evaluated quantitatively the extent to which changes in the short-term interest rate and/or banks' bad loans ratios affected the demand for excess reserves.
Specifically, we took the following steps. First, we calculated the theoretical values of excess reserves by substituting the actual exogenous variables for 2002 into the estimated demand equation for reserves, or eq. (9), and subtracted the required reserves. Next, we calculated the predicted value of excess reserves under different scenarios of the call rate and the bad loans ratio. We assumed that the call rate was raised to its level prior to the adoption of the zero-interest-rate policy. In other words, the call rate was set to its level in March 1998, or to 0.05%. 13 With regard to the banks' financial health, we considered a case in which the bad loans ratio was halved. This scenario is consistent with the Koizumi Structural Reform Plan, introduced in October 2002, which specified that non-performing loans should be reduced by 50% within one year.
The predicted excess reserves thus calculated were summed up across banks, and the aggregated excess reserves were compared with their baseline value. Table 6 indicates the extent to which banks' excess reserves are reduced under the different scenarios for the call rate and the bad loans ratio, and under four different specifications of the reserve demand equation. When the call rate is raised, excess reserves are reduced by as much as 40% in the constant penalty case, and by about 30% in the variable penalty case.
Although the magnitude of the reduction in excess reserves is slightly less for the case in which the banks' financial health is improved, it is not negligible in this case. Excess reserves are reduced by 13% to 29%. When increases in both the call rate and banks' financial health are implemented simultaneously, the holdings of excess reserves are reduced almost by half.
Concluding Remarks
We empirically investigated why Japanese banks held excess reserves in the late '90s.
We were able to pin down two factors that explain the demand for excess reserves: a low short-term interest rate, or call rate, and banks' fragile financial health. The nearly zero call rate substantially increased the demand for reserves, and the high bad loans ratio also contributed to the observed increase in reserve holdings. A quantitative evaluation of these factors was also conducted. It was found that excess reserve holdings may be halved by raising the call rate to its level prior to the zero-interest-rate policy, and by decreasing the bad loans ratio by 50%. The Japanese financial system is gaining stability as banks rapidly eliminate bad loans, and this elimination should lead to a reduction in excess reserve holdings. (2002) investigated the liquidity effect using daily reserve data. The relationship between the equilibrium short-term interest rate and the reserve supply may be obtained by aggregating banks' reserve demands. Our focus in this study was to examine what motivates individual banks to hold excess reserves. 4 The following model of reserve demands comes from Chapter 8 in Freixas and Rochet (1997) . 5 It can be shown that the objective function of the bank is a concave function of reserves, so the solution to the first-order condition is guaranteed to be a maximum of the objective function. 6 Risk management loans include loans to borrowers in legal bankruptcy, past-due loans in arrears by six months or more, loans in arrears by three months or more but less than six months, and restructured loans. 7 The NPLs under the Financial Reconstruction Law are defined as the sum of the assets classified as "bankrupt/de facto bankrupt," "doubtful," and "special attention." 8 Some banks are not listed on the stock exchange, so these are excluded from the sample in the estimation of the demand equation for reserves incorporating the share price. 9 To check for robustness, we also used a more conservative definition of excess reserves. In this case, banks with actual reserves exceeding the required reserve by 50% were identified as banks holding excess reserves. Under this definition, the estimation results remained qualitatively unchanged. 10 Loan and Wood (2002) also reported that the interest rate has a significantly negative effect on the reserve demands of commercial banks in the U.S.A. 11 The elasticities are calculated by multiplying the adjustment factor by the original parameter estimates. See Chapter 16 of Wooldridge (2002) for a discussion of adjustment factors. 12 The elasticities based on the other specifications are calculated in a similar way. They are not reported here, since they follow the same pattern as that reported in the text. These elasticity estimates are available upon request from the author. 13 It is assumed that the penalty rate does not change.
The Excess reserve ratio is defined as the ratio of actual reserve to required reserve. Data Source: The Bank of Japan Homepage 
